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(57)Abstract: 

PURPOSE: To provide a method for producing a low m.p. 
metal product, by which e.g. net-shaped formed product 
having excellent mechanical property can be produced in 
only one process without needing the extra labor and 
energy. 

CONSTITUTION: After removing the impurity by melting 
the low m.p. metal raw material in the vacuum or in 
inactive atmosphere, the molten raw material is supplied 
into a screw cylinder devices 2, 4 and also, the additive 
is supplied. The screw 2 is driven in the condition of 
holding to the solidus temp, or higher and the liquid-us 
temp, or lower of the low m.p. metal raw material and the 
raw material is partially solidified. Dendritic crystal 
developed at the time of solidifying is broken and finely 
spheroidized by shearing action to produce a 
thixotropical alloy or additive mixing alloy. This alloy is 
introduced into plunger cylinder devices 5, 6 arranged in 
series as the concentrical condition with the screw 
cylinder devices 2, 4 and successively, injected into a 

cavity 64 with the plunger 6. After completing the injection solidification and lowering to the 
forging temp., the pressure of plural number of rams 71, 72, 73 is suitably changed and the alloy 
is forged on the dies 61, 62 to obtain the alloy product or a metal base composite product 
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-tc ^i^. ^i^l^'-T"^' 6 4 rS-^t^.@t:LT7'^>-y^ 

tt. 4-^ e-r ^ 6 4 rtcO-7^*;f.>-^/.^^^;i/f^^t:^g 
i^^^r yiyX^i>^ 7 ill: J: p*9gf^-7 tr'-r-r 

7 2, '7 w /N-^ -7 A 7 ] J- -7--7 > - 6 ^ 

[ 0 0 2 4 1 mM^i 1 : rfj'^or;u i - ^/.^^^ (a 
DC 1 2 » ^ > Y ^1$^ LTt^;^ F r>ffo/j. ^5^- 

in c^T ; 4 /r^ :s -t _ >. 

40 7L^ flj^" 
A L B a 1 

Si 9 . 6 ' 1 2 . 0 

C u 1 . 5 3 . 5 

±iex7. F r ;i < --^X. g-^'r , [?] 1 t:7j;-twtb • ^fai 
t?tT^Sir)--^--Y t'-^ -Y 6 4 izM^LX-^mt^Sxr ' ^• 

- -7 A 7 1 T'6 0 0 IJy mm- nEti^T^^it /j1if-.¥?.T-^ 
S?^^. (I.) ri^t\. i fz . C c^; 1^. .wt ^7 

- l::'^ ^ (S 4 OTA' ~ ^: A O ^- T ( f . ^^F:4 

8 0^7:- ^ ^< > -7.7 7 2 or? :7^-t^^ ,. jL-r f 



ftmB'^HS. 8. •'•TF.J^. 5 9 0 F^-"- " - - Y -t- A 

o r r L/Jo ^^tbivtrf (i. i- \ ~ 6 Oif 

r^'2m, sccT'^o^'jc o i: -^^^ oi^:;^ Pt^f 
( c ) rl«J^4 S 0 ^r-.SftWL^^ L . l^J^ ] 6 0 

( b ) , :^ / V:lj;0^.|fJ^?f: n°p ( c ) .i e/m^^o^n 

10025] m3i)^hmhi)-^tiiXiiz. M'^^m^^T 

it^:^?5p°p (b) i:^^mi:.LX'i%hixtzfi y'7'A-k(nWi^ 
m^-^o (c) J:l/\^^i5.^p°p (d) - 

^ 1 i:iM^^M%^V^ ^ y h\J \i~:^kT - ^ A 
^^f^iO. H^cO^-^ t^'x 6 4 t:#^ai L /.-COT*. T /i- 

O/.'^^^C ^■'x;i??tA L4*7:f^o/jC <h tbn^o 
^2 i;^l]B^i:r -7 x A 7 ] X'i^^K,'f±ti^mz.fz 

i?'^^hn. izmi^ t^z LUX ^^^^BUc^mmit 
^-ri>ztizx ■> n^'jitj-it. ^^iz^mrBiit 

^^Vdi:mmiZ»^ ^-it i> ±iZ±^ y'^^tW::^'^ fz z t ^ 
1 0 0 2 6 ] 

nh(DX\ iit^ox n izm.i.ii'^ > / v^m^^^^zm 

o'^at fzU^^mH^ift^^^.o^^n^i^-t ^ ^ ty^'X ^ ^ c. 
. fi^ i: o /j pff M O -^^4^ 1^ * ^ V wi 

ri 1^ z'^-^r^'im>z t d'x ^ ^'^^mi.i^hm^o i 

fz. ^ ^ h m'-^O^^^i fzldilrM'^^in.^^i^^^i:^. 

- - n s^r^ ■ M > y^mx^m^n . X LX^Ua^li?^ 
^- ■ 'J "^'^^^ t\^Mr-\ti:m^i\i:^^.^ii'z 



^8) ^-f^^ 7 - 5 1 s : : 

t^zEB'JlZfZ'LX^^f^z^ ; h r: - l'-4- ^> I i {.'C ^ , 
^; Bf j o Jui i 1 1^ l?3 ^ n ^ ,a 1 0 it f]] ^i^iil -i. I 
■^>^^£-c ^ 'bCiil^^ni^;: J: ^> S^^iid-'^:- :' v 

'•^ : <t o T -r - - 

-^t-1:^tiLtx6t);rcrtim?^^^>^ ^ 4^-^ v h n \z ~ ir. 
JO r) a-^ttzli-mW^^^r^ti- a-^l^ . ''^ ^ ^) ^ ^ ^ i ^} : 9' 
7. 1; J. V V \ r^iz^) , f^'if^O J: n i:x 

mt<r>ri]iz±^ 4- m^^tv^^~^ l . if flttb (i -c ^ ^ 

r^^R^i:i: iiWaiii""? ^ r -v - • > M > ^'^jfOT* 
•=• ^ y Y-iZl oTif t c^-'T'. i^^^ii 5ni.' sec 

Pt^-Tll h Folate 4' -^^t&^i^l^x c^.'jfTufilllcOf&TTi^^^'^ 
20 [ 0 0 2 7 ] IM1K^2 h^^^ii 3%^n(D^m\ZX ^ t . 

A /7 M a ^ • 'J ^ ^^'^^^ ^ -7* -7 : -y - - 'J > 

H^^v^Mi ^ ixhcn^m t 1 - 5 0 T o r r iZ 

AK ^ iiX \^^i><DX ^ ntn!lCj^j)^jZt}UA.X ^ Zilh(^-*^ 

k^-^.X^M^i-Lhcnx^ 7. > • > M > 

30 7. ^Ua^T'^Jg. refill: ^^iv^lSt^i^^ CO jmi4:t^^f^ 

±L. -^^^z^m^^^^n-m^'^hztt^x^^ho ifi^ 

— . u V ^'^^(Tf^^ ^ > -y ^ — ^5[f CO ^ ^ -T- ^' t; 

OT-, Xi>U^'ri'tr'^W:^^ixl "7 a ^ x fcr'y- Y O 

^A.^t'-l%±.^fi. r-Jlk^:^^- ± ^ p°p * ^. I Wi ^J!^ S BMt 

40 izxht. ^ziinw^r^m^x . ^^ih'^mt'^T'LWi^^i^ 
mzT ^ixi)-h. ^^<^j^ \ i t:E£^r'u^^,tSSfc1@ 

.7 y Y V J. - -7*^?f;:n°n r - J. !f T ^ T' ^ ^ t V ^ 0 . 

/J .1+. T E T 1 . 


-8- 


19* ViKl' 7 - S 1 8 

1 l^^i-^ftBt* : 7 0 flB--:- 'i x^jf 7 1 

^1 : V f. 7 2 y Y > V A SO 

"•v > > r - ') > ^' 

6 --'^^->>- 2 0 S3 M^ti 



m2] 
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v-^ 


5 ] <S 


m3] 



L r^tKr^,X'mt^ x m ^ - -> v > ^''IIS (2.4)0 

V -V- • V ^ ^-^S ( 6 ) CziA L. ^ tbt: 7. ^ 
^ ; 2 ; r : V V V . .^^jf f ^ p ; 

'TrnJie"^*"' :^ V - - > " > 9 ^^'^ ( 5 . 6 o-T^'^T 


(6) izX -0X^^(0^ -V ^ (6 4) --^Jlt 

l«JEJt4^Jlg:£I 0 0 0 4 

^^SirfrFi>IS 3 - 5 0 4 8 3 0-?-i:^7j^^ 

J: i> t . ^^^m^ii ^ ixx ^ - ^ :^^^^i,z 

9'\^xrjin^ix. xLx^im^iih(nxfn^i^. ig^-r^ 


- 10" 


r> 1 8 2 7 


b ^ V . ^ :j V i) . - . v fe-,. r^f-f^^ ix 

fB:v il':?^S5il-:?^7^'^A ^^r\ f > ^ > 3 e - x-iju 
L !->,. ? OCIi, tldi V ') ^'f^i:r rj'> 

^ ^ n -c ^ ^ ^. c\ .i: H o 6^ t L / i jh ^ n -c o t> o 

5 6 2 0^t:iiv^ V hne*-^^-^^^:iti-^^^//T' 

[(^TF^tl^TiS^] 0 0 0 6 
[0 0 0 6 ] 

[Iff! ^m<^i-i> fz ^•^>^ ^ ] t: 5feB§ ± le g 6^ r if 

> ri€ ^ CO 7, ^ U ^ ^ i-IHfj L T ic&^.^.i£j^/f.^r4 
imm^-'^. ^l]^i:^iL roffi^^4ixBlf 

- > V / ^'§J^jf i:2f A L . ^ et:7. V V ^ (2) r 
^ > V ^ - • > 'J > ( 5 . 6 ) co?Sriit:#l.oit 

^' (4) o»?ti~^O^P^jL L. -^,^t^T'^|gv'y > 
- • V 'J -7'^ / ^ _ o r i&S?co4 

t:' - " It tti L T ^ P°D ^ .^j (t ^m^^^t U m p°p ^ 

^ ^ • :- : ^"^a ^ : r - • : V^W.o i 
■J : ] - 5 0 T o r r ^^'^^Ei: LT. ^ A:!^;^: 

>>' - • : "J : ^-^llr) - '! , ;v ^ ^^nr I 5 
0 T o I r O^^rxi: i ^,.^1^0^ <i ^3^1^ 3£ tl-^ t j 


X '1 <z*^h\, ^-n.;., |^-|:Tf 5 icp.r-^ 

- fL"f ^ 7 ^ 'j ji ^ - : ^--^p^s ^ M c e'- 
fL :fi ^'.-t^ ri r Wd^-^ c> ^ - • •) : r^gc 

? ^L-O > 'f :r ^ . > >; <''4^ 1 ^ . 1^ ^ M ^ • % 

T o r r OK^ETicKil ^ i\X ^ ^ i> i ^iZ ^ iUlc-*^ 

- ^ ^ - > ^*7^a;i. Willi -"^ y ^ ^ • . : y 

7 - 9t^^<7:>^^mi^. y. > 'I ::l ^ . > ') ^'--^^(T)-: ') 

^ - > V > 9''^^Cry7. ^ U :i ^ ii^ f^t;^'^'^, - ^ 
to U > . 6 2 0 ^ T- 2 5 0 0 K g c m - O 

y -ty I y ^^<^Mm,nnnxw^f^^nx\.^^ 

:5^IIS(7)7't > > ^ - li, 4f_ y 

c i^Kiuo"^) HH/j^h^ fj^ ^n. A c-> i:u X ^ vj .a ^ . v 

i;i:5fji:ie(t ^ii, mfifi7. M ^ ^ • V > 7 
^ ^.'i. Wai&#i:mi£-7*'' - ^ - - ^ . ^'^s 

t ' , bIt|P V -77 > Jr — . 1 1 ; . ^t-' g -7* ^ V — 

ii. I^'7*^ . ^ , .^-'^lo > 'J > ^'r^ch . 

lex ^ ::l • > 'J > ^'^sn - w ^ ^(:f^r-4^a:t; 

^ J: ^ i:jI^^iiTi.'^<>o r- ixmt^y^ 1 Oie|3i<7)^P^ 
fi. m*JS ] iet3cO^?^(c J: 0 , -'^ > - - •:. m ; 
^"^S(0--'--7 > V -V - i: J: o T^-S!.'^"'^ -V V:'-r Y J^jai 

^'-^ * ^> - , fit] Ic^ r 1 i 6£ A "'■ i^h - J^m: 

^ i : fr^ 1^. ny ^1 [ 4 i] i : ^ II V , i ■ ^ 
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(12) 


nn^^T - r> ] 8 2 7 


> -^- - c .t l:- -r 1 -.fl^d^ L . 

a ri nt L T p-p i /.M'i ^^1 -^5- +t 1 *^ ° ^ f4 

s) 0 0 10 

[0 0 10] >'j > V 4 <r)~'yj<D%muiznv "7 > i^' 1 

2 i:m tX^'hc L T C O 77 > > 1 2 U -^'-^ > V -V 
^ ' > V 5 O 7 V > I 4 /j'-lOl h y } O i. 9 

OiL^ 7 U J: 0 > - > V > rJ^'S p^Oig j5*#i^^> 

> M : y m^e 2 o^T-2 5 0 0 K 

cm- Og'tjtlitx^ ^T-W >-yh700 (Udime 
t 7 0 0 ) . ^' - =^ 7 2 8 ^CO- y 


rWIEi^^JSS?,] 0 0 19 

[0 0 19] ^ftJi^feJ^Tfi. v^.tJDr!?ltt^^£^^S 

- ^'4 2 ill ^ m^(-mm^ti/zM:^HM'6'^ 4 3. 
-<^tJD!|^#t^g^r^p^, 1 0 ^iiCTvV ^*4 iimif^^fL 
'^>o jm/^P^eolf 8 . 8. "•=?'<^fiLT, \1 > ^' 4 (r)^_^ 

-tic 

injEn^^^'^] 0021 

[ 0 0 2 1 ] • } 0--> > - - 'I > 


r'^D-^Ei:-S^o^>T. nithR} 1 :^-7Vu - 6 3 ^ r i 
c-iZ ^ -t'l i: a- ■ rj&^.^'C - - 'j ^ ^ 2 n^i^±f, 

-r l^'-r r 6 4 r^rK^{:-f .^e ^ L Ti:^ Cih* 7 r 
'^^T,^f*^^3 ili; '9-^'7>v-V-6 r ^-^5m y s e 

^'^^^X. v'^ : ^ 5^-5^7^^(^.111*7 J: 1/ 

y^^'A - 6 3 r:iioT4-'^ If X Y 6 4 F^t:#tme il^c 
1^*4 f« IE 7] 

lMIE^tl^Ji§^,J 0 0 2 3 

1 0 0 2 3 ] -l^^^'ti^g^TJi^^btCTiSL^:;!!:^^ 
> ^ > T A 7 2 OJE^Jltt<c -x^/^ 

hii^^'^^i^ui y) -7^'^^'. ±;^--^f Lib 

T-/^--^A 7 1 ^iS^?iriiS|T-±(S6^ ^ ^ U J; 
^^hi'k>:^{Xm2 CTF^^iri^^o r y A 7 1 ^± 

^64^ S^^^.S U L T > — 5 ^ ^ ^ ^ ^ ^ y 
2. T 7 1 t:E^J=^75^lt. ^-Vb'^^ 6 4P^ 

cntiJ: *:)f^gC^-r ^ <^%t>X^p^j:y.^W^^n-k%h 
t tI/^T* ^ '^M'ik:^ ^ > ^ A 7 2 . T /n"- ^ A 7 
1 "7' ^ >■ >■ — 6 O 77 ^ 1^ ^ . n T — V 7 3 

iMIEtt^ipg?,] 0 0 2 4 

[ 0 0 2 4 ] ^Jie^y 1 : Tfj|gOT7L = - 7 A-^^ (A 
DC 1 2) Y ' hr^^^LTxX h^^jc^/Jo ^55^ 

A L B a 1 

Si 9. 6 ] 2 . 0 

^ u ] . 5 / 3 . 5 

7 \ )i 0 1 • ^fth 

f^T^^c/,-^ ^ K - >[■ 6 4 LrS-f^:}t«g-Cr y 

- 7 1. 7 ] 6 0 0 N,.-' Dim - c:^)r±,0 r /j-I^.S 
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03) l^raT 7 - 5 ] 8 2 7 


■A" ir'-f < 6 4 ^^T n ^ ^ A s-^r^^Sg^T(t; !^,Jt4 

8 0 g'C f > ^ 7 2 OEtJl-l^^ . ^-^^ ^-■^l' h Al' 

o r yi^mii^LfZo ^nt^^l^i^. ^'^>>>-6 0^g 
:^'^2 sec -e^-:^X:o ^ ^bC:^ y V4t cO|^:l/S?f;pn 
( c ) ^mi^4 S 0^T'<g1*^|[:^S L. 1 6 0 gT* 

(b) . ^ ./ r^;^0^:it«c«p°D (c) J:U^'??i:Sar31p°D 
imiEH^mE^] 0 0 2 5 

[ 0 0 2 5 ] m3 :6^c^m^^^^^X n i:, J^^^m^'PX 

r I. 7 ] Xi^h ^J:K,-n^1S^PLX%%^^'Lizm%^ 

uu (b) (i. !l^?^S^#c/'<)ac#^iXTV^^, ^rbtc 

fi£Bp°p (c) mxin-.^^^u (d) co^ttifitJiiSii. - 

^^f^*}. K^co^-r IfT^-r 6 4 tcttaiL/ccOT% T 

^(l:i:J;0. = ^ d ^ ^ tf ^ ^ cO^^Ti^'Jfpa^J ^ n/j ^ i: 

^>o/j <)(7)t%^ i^ti^c. ^bt:. -S^fL. I^Wm^^ 
ri"^ C i J: >^m^<D < ^ n6^}*^7-fh. li^Jl rel^fh 

^-if^Zti^'X^^o 
[¥^lMIEI 0] 

inTL^^^m^^] 0 0 2 6 


[ 0 0 2 6 ] 

1- oM^^x%z-mLxT'm^z'mit'i>nx. mi^n 
'c^^c ifzm^it fzml:\^.(r)\^u^,^m.wMi)^tm'^^ 

^ X M . -> ij ynW.^z{mMVoi:>^r7^ 

^1. ^t^{zk^fzF^m<r)^ki^n^uhh^^it±mm%%n 
fz. ^y\^ vn\i-'^(k(r)^^tfzirm\\Win,^%±it. 
-vu^H. . , > vp^m.twMX^mzmnzw.m.^nfz 

iih<r:>n^mm^ ^h^r^^Z^Cx^lR-f ^ z ti)^^x b . 
tfz^mz]Z^t-XiEilS.^> h n-;t ^i->£ - ^ 

- • >' ') > :?^'3^^tC J: o T^T=t:)n-^;ii^, T*-^ > v A* - • 
^tfz\miimW^%^1t<r>^i)^n^ixx^^^(r)X^ 

co^-^i /jiiy^,tJDir^^£'a^^:^fi. X V ^ ^ • > V > y 

^"^iiU^^izW-thLxlhi^i-tht. > > ^'or^ 
^ E T ft<> f.l ^ ( ; ^ #:t tB :^ ^ CO ^ 1i o ft T ' ^ ^ ir 
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(14) ^^r-fi-T : ~ 1 s 2 


B 2 2 D 1 8/02 M 

B 2 9 C 45/50 9156-4 F 

C 2 2 C 1/02 5 0 ] B 9269- 4 K 

1/09 A 


- 14- 


